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PATENT 

Ducket No.: TR1M4 
Customer No.: 006980 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: WANG, Xiao Bing ei aJ. 
Serial No.: 09/862,417 
Filed: 23 May 2001 

For: ISOMETRIC PRIMER EXTENSION 

METHOD AND KIT FOR DETECTION 
AND QUANTIFICATION OF SPECIFIC 
NUCLEIC ACID 

Cmifcaic of IfniMDiMioo u&dcr 37 CFR 1.8 

I hereby certify thai das correspondeiu'e is bcitig ftc&imfJc 
Troaamitccd iu ibc Uniivtf Siaie* Patent ana Trademark Office 
Ou March 31, 2003. 

Typed or printed naiae of person signing this certificate 
Kiibcn 1_. f lurcucc 

Signature 



Confirmation No; 8468 

Examiner Chakrabarti, Aran 



Group An Unix: 
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FAX RECEIVED 

'MR 3 1 2003 
PETITIONS OFFICE 



SUPPLEMENTAL PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT 
ABANDONED UNINTENTIONALLY UNDER 37 CJJL Ll37(f) 

March 31, 2003 

Office of Petitions 
Commissioner for Patents 
Box DAC 

Washington, D.C. 20231 

Applicant hereby petitions for revival of the above-identified patent application. Applicant 
previously filed a petition to revive on February 6, 2003. Applicant was notified, however, that the 
previously filed petition was deficient for failing to indicate the publication date and number of the 
corresponding foreign application. Therefore, Applicant is filing this supplemental petition to cure 
the deficiency. 
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Pursuant 10 37 C.F.R. 1.137(f), Applicant has included the following items with this 
petition. 

(1) The Petition Fee: The small enuty fee of $650.00 was previously paid to the Office of 
Petitions on February 6, 2003, as check #308332, 

(2) The reply required to the outstanding Office action or notice: The above-identified 
application was filed on May 23, 2001, along with a request for nonpubhcation. A corresponding 
European patent application was subsequently filed on June 6, 2001. The European application was 
published on December 12, 2001, with publication number EP1162278A2. A copy of the 
European application is enclosed herewith. A request to rescind the previous nonpublication 
request under 35 US.C. 122(b)(2)(B)(ii) was previously filed with the Office of Petitions on 
February 6, 2003. A copy of the request is enclosed herewith. Applicant believes the above- 
identified application became abandoned pursuant to 35 U.S.C. 122(b)(2)(B)(iii) for failure to file 
the rescission of the previous nonpublication request within forty-five days after the date of filing 
the European application. 

(3) Terminal Disclaimer with disclaimer fee; Because this utility application was filed on 
or after June 8, 1995, no terminal disclaimer is required 

(4) Statement; The entire delay in filing the required reply from the due date for the reply 
until the filing of a grantable petition pursuant to 37 CF.R, 1 . 1 37(b) was unintentional. 

It is believed that the above items satisfy the requirements under 37 CF.R. 1.137(f) for a 
grantable petition. No other fee is believed due in relation to this petition to revive. In the event 
that an additional fee is required, however, the Commissioner is hereby authorized to charge such 
fee or to credit any overpayment to Deposit Account No. 20-1507. Applicants have also included 
copies of Revocation of Power of Attorney or Authorization of Agent and Power of Attorney or 
Authorization of Agent filed in the United States Patent and Trademark Office on March 17, 2003. 
Accordingly* please direct any correspondence relating to the above-idenufied application to the 
address provided below. 
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600 Peachcee Street, NJE. 
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404-885-3561 
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Jacqtieline Haley 
Reg. No. 41,457 
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(57) a method for detecting anoyoi quantifying a Tar- 
get PNA or BNA present in a sample by a &om&u tc prim- 
er extension metric d is disclosed Tne method includes 
carrying out a primer extension reaction In me absence 
ot a tree nucleotide so that the primer extension reaction 
is stopped where the absent nucleotide would nave 
been inserted. Tnus. as the amount or incorporation or 
a labeled nucleotide on The primer extended product is 
detected, the amount of the target Rna or DNA in the 
sampls is measured- 
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Description 

BACKGROUND OF Tn£ INVENTION 



5 [0001] The present invention is relaxed io a method for detecting and quantifying specific DNA or RNA by using an 
isomeinc pnmer extension (iPE) method 

[0002] Conventional methods Tor delecting and quantifying special sequences of nucleic acids such as DNA ana 
RNA include southern plotting, northern analysts, and RNase protection assays, and Polymerase Chain Reaction 
(PCR), among other methods. However. iT the detection ol a specific RnA species m a sample is considered, Northern 

io blotting and RNsise protection assay present limitations in efficiency, labor mtensiveness, accuracy, high cost, sensi- 
tivity, greater RNA sample requirement specialized equipment, and a large amount or p>o-na2ardous and radioisotopic 
waste matenai thai are generated |n particular, both Northern Plotting and RNase protection assay require 2-3 days 
for completion of the analyses, in addition. Northern Plotting requires running a RNA gel, transferring the RNA to a 
solid support, prepanng a probe, and carrying out a hybridization reaction. The sensitivity requirement is a 5 u.g sample 

i£ tor adequate sensitivity. Northern blot \s based on the principle of hybridization between tne target and the probe nucleic 
acid Moreover, the cost per reaction is fairly high, as is the amount or Dionazardous and radioisotopic waste material 
that are generated 

[0003] Simirany, RNase protection ass^y requires 2-3 days to optam the appropriate results The experimental pro- 
cedure requires prepanng template DNA, prepanng RNA probe, carrying out hybridization reacrion, enkyme digestion 

£0 reaction, and running a gel m order to obtain good rcsurts. a 1 u.g sample oftne target RNA is required The principle 
behind RNase protection assay is a combination of nybnaization and enzyme digestion reactions As in the Northern 
Plotting metnod, it is expensive to carry out this reaction. Furthermore, bionazardous and radio rsotopic waste products 
are generated m high amounts a chart comparing the vanous factors associated with Northern blotting. RNase pro- 
tection assay and the multiple pnmer extension method of the present invention is set forth in Table 1 . 

?5 [0004] u S Patent No 5.646.71 0 discloses using a pnmer extension technique to screen for variant DNA molecules. 
However, this patent does not disclose detecting a target DNA or RNA in a sample. 

[0005] u S Patent No 5,894.079 discloses forming an RNa/Dna hybrid by annealing a DNA pnmer to a specific 
RNA and extending the pnmer by using reverse transcriptase The nybnd is detected by an antibody specific for the 
RNA/DNA hybrid However, this patent does not disclose detecting a target DNA or RNA m a sample as in the present 
so invention 

[0006] it is recognized thai ihere is a need in the art for a nucleic acid detection method in at is simple, costs less 
time, is sensitive, cost effective and has a low adverse environmental impact. The present invention as described 
herembeiow meets all of these needs 



25 SUMMARY OF THE INVENTION 

G 

[0007] The present invention has met the hereinbefore described need. 

[0008] The present invention is directed to a method for detecting or quantifying a target nucleic acid in a sample 
comprising. 

40 

(a) prepanng a pnmer or primers specially matched to a predetermined position ot the target nucleic acid; 
lb) annealing the pnmer or primers from (a) with the target nucleic acid under high stringency conditions to .obtain 
a primer-nucleic acid duplex at the predetermined position of the target nucleic acid; 
(c) mixing the pnmer-nucieic acid duplex from (b) wiin a mixture comprising: 

(1 ) one or two crtnree types of Tree non-terminator nucleotides and at least one type of non-terminator nucle- 
otide thai is optionally labeled with a detectable marker, and 

(2) with or without a type of terminator nucleotide that is different Tram the one or two or three types of non- 
terminator nucleotides m (1 ), 

»o 

(a; pe Harming the pnmer extension by enzymatic or chemical reaction in an appropnate buffer, and either 

(e) detecting or quantifying the amount ot labeling signal on the pnmer extended nucleotides, or 

(f) detecting or quantifying the amount of extended primers by mass spectrometry. 

& [0009] in the above method, the primer can be a nucleic acid pnmer, an oligodeoxynbonudeotide. an oligonoonu- 
deoiide, or a copolymer ot deoxyribonucleic acid and ribonucleic acid. The nucleic acid of interest can be a deoxyri- 
bonucleic actd, a ribonucleic acid, ore copolymer of deoxyribonucleic acid and ribonucleic acid. 
[001 0] in a preTerred embodiment, the method may comprise using a mixture composing a combination of non- 
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terminator and terminator nucleotides as follows. 



(a) dATP, dCTR dGTP, ddTTP or ddUTP, 

(b) dATP, dCTP, dTTp or dUTP. ddGTP, 
s (c) dATP. dGTP, aTTP or dUTP, ddCTP, 

(a) aCTP. oGTP, dTTP, or dUTP. ddATP. 

(e) dATP. dCTP. dGTP, 

(f) dATP, dCTP. aTTP or dUTP. 

(g) dATP, dGTP, dTTP or dUTP, or 
jo (to dCTP, dGTP. cfTTP or dUTP. 

[0011] Tne method oT The invamion may use ai least one non-ierminator nucleotide that is labeled with a delectable 
marker The detectable marker may comprise an enzyme or protein motery, radioactive isotope, a fluorescent moiety, 
or a chemical group such as biolin . Moreover, the detecting or quantifying method step may be earned out by mass 
is spectrometry 

[0012] Some of the enzymes used m (he primer extension reaction oT the invention include a template-dependent 
enzyme sucn as E. cob DNA polymerase I or the "Kienow fragment* thereof, T4 DNA polymerase, T7 DNA polymerase, 
T. aqwar/cusDNA polymerase, a retroviral reverse transcriptase, or a combination thereof. 

[0013] These and other objects of the indention will be more fully understood from the following description oT the 
^0 invention, the referenced drawings attached hereto and tho claims appended hereto. 



DESCRIPTION OF THE DRAWINGS 



[0014] 

25 

Figure 1 - a schematic of multiple primer extension reaction to detect and quantify a specific DNA sequence. 
Figure 2 - a scnematic Tor using the multiple pnmer extension method to detect and quantity RNA. 

DETAILED DESCRIPTION OFThE INVENTION 

30 

[0015] The present invention is directed to a method for detecting and quantifying a specific nucleotide sequence 
by usmg an isometnc pnmer extension fjPE) method. To summanzetne invention, the target DNA or RNA in the sample 
ts hybridized to a single o; multiple oligonucleotide primer. The primer (a) is then extended by DNA polymerase or 
reverse transcriptase m the presence of one, t*o or three types of the pre-iabeied free nucleotide. At least one of the 
ss four required types of nucleotides for continuous extension is left out of the reaction or is replaced by the corresponding 
type of terminator nucleotide such as dideoxynucieotides Tne specific target nucleic acid can men be detected and 
quantified by measuring the presence or absence of the signal generated by the label on the extended pnmer(s). as 
tne extended pnmer is separated away from the free nucleotides, the extended primer is assayed for incorporation of 
the label 

[0016] The primer corresponding to a position on the target nucleic acid will be extended, and a population of equal 
length (isometnc) pnmer extended nucleic acid will be made, because a definite number of nucleotides is sequence* 
dependency incorporated. Quantification of these equally extended primers will accurately quantify the number or 
amount of the target nucleic acid If there are many copies of the target DNA or RNA in the sample, the number of 
copies of the primer extended product incorporating the labeled nucleotide will be correspondingly increased, eontnb- 

45 utmg to a stronger overall signal Thus, by comparing tne strength of the signal observed in the unknown sample with 
a standardized Known amount or DNA or RNA. it is possible to detect end/or quantify me amount or the target DNA or 
RNA m the sample in another embodiment, the specific target nucleic acid can be detected or quantified by measuring 
the amount of these equal length pnmer extended nucleic acid species using mass spectrometry method. 
[0017] The lacic of a free nucleotide! n tne reaction buffer causes the pnmer extension to term mate where the missing 

so nucleotide would nave been inserted. Thus, a discrete length of the pnmer extension product is obtained 

[0018] Many obvious vanants are possible within the realm of the present invention. For example, not just one type 
of nucleotide but two or three types of nucleotides maybe absent in the pnmer extension reaction Also, various labels 
could be used, which are not limited to radioactive nucleotides but can be fluorescent, as well as enzymatic 
[001 9] As used herein, "nucleic acid" or 'nucleotide" can be a deoxyribonucleic acid, a ribonucleic acid, or a copolymer 

55 of deoxynbonucieic acid ana nbonucieic acid. The sample of nucleic acias can be natural or synthet*:. The sample of 
nudetc acid can be naturally occumng nucleic acid, and can be obtained from any organism Some examples of or- 
ganisms to which the method of the presont invention is applicable include plants, microorganisms, viruses, birds, 
vertebrates, invertebrates, mammals, human beings, horses, dogs, cows, cats, pigs, or sheep The target nuclec acid 
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can occur naturally, or can t?o synthesized enzymaticaliy in vt¥0, synthesized enzymaticaliy in vitro, or synthesized non- 
enzymaticaify 

[0020] The sample containing The nucleic acid or acids of interest can eompnsc genomic DNa from an organism, 
RNA transcripts thereat, or cDNA prepared Trom RNA transcripts thereof Tne sample containing in© nucleic acid or 
a acids of interest can also comprise exlragenomic DNA Trom an organism, RNA transcripts tnereof , or cDNA prepared 
from RNA iranscnpts Thereof. Also, me nucleic and or acids of interest can be synthesized toy the polymerase chain 
reaction 

[0021 ] The nucleic acid of interest can compose non-natural nucleotide analogs such as deoxyinosme or 7-dea2a- 
2-deoxyguanosme. These analogues destabilize DNA duplexes and could allow a primer annealing and extension 

10 reaction lo occur in a double-stranded sample without completely separating the strands. 

[0022] The nucleic acid of interest can comprise one or more moieties that permit affinity separation of the nucleic 
acid of i merest from the unincorporated reagent and/or the primer. For example, the nuciejcacidot interest can comprise 
biotm which permits affinity separation of ihe nucleic acid of mterestfrom the unincorporated reagent and/or the primer 
via binding of the biotm to the avidm family of molecules, which is attached to a solid support. The sequence of the 

>? nucleic acid ot Interest can comprise a DNA or RNA sequence mat permits anmity separation of the nucleic acid of 
interest rrom the unincorporated reagent and/or the primer via base pairing to a complementary sequence present in 
a nucleic acid attached to a solid support. The nucleic acid of interest can be labeled with a detectable marker; this 
detectable matter can be different from any detectable marker present in the reagent or attached to the primer. 
[0023] in this regard, tne term "normal nucleotide" or "normal base" is denned as the wiid*type or previously known 

20 standard nucleotide base from which a mutation is sought to be identified at the base sue. By "standard nucleotide 
base", ft includes any Known base, which may include wild-type or a Known mutant base so long as ihe base is Known 
and it is desired to Know its variant. Thus, as an example, normal base can be a Known wild-type base tor which a 
mutanon is sought at the position. Reversely, the Known base can be a Known mutani for which the presence of a wild- 
type base is sought at the position Alternatively, the Known normal base can be a known mutant for which another 

2S mutant variant base is sought. Therefore, The method of the invention can be applied to any known sequence thai can 
be used to determine the presence of any other base variant at the site. 

[0024] as used herein, the term "primer or "oligonucleotide primer reiers to an oligonucleotide which is capable of 
acting as a point ot initiation of synthesis when placed under conditions that allow for synthesis ot a primer extension 
product which is complementary to a nucleic acid (template) strand, in the presence ot various Tactors such as for 

so example, nucleotides and enzymes such as DNA polymerase, and at a suitable temperature and pH 

[QQ25] The term "pnmer is alternatively defined as any nucleic aoo fragment obtained from any source For example, 
the pnmer can be produced by fragmenting larger nucleic acid fragments such as genomic DNA, cDNA or DNA That 
has been obtained through PCR in other words, the nature ot tne primer is not limited by how the primer is obtained, 
whether it be by fragmenting naturally or synthetically occurring nucleic actd or by synthesizing the nucleic acid pnmer. 

3$ Furthermore, the pnmer can be ohgodeojcyribonucleotide, a copolymer OT oligodeoxy ribonucleotides, an ohgonbonu- 
cieotides, a copolymer of ribonucleotides, or a copolymer or deoxynbonueieotides and ribonucleotides The primer can 
t>e eltner natural or synthetic. The oligonucleotide pnmer can be synthesized either erftymaticaiiy *n vivo, enzymaticalry 
m vitro, or non-enzymaiicaiiy m vara The primer can be labeled with a detectable marker; the detectable marker can 
be different from any detectable marker present in the reagent or attached to the nucleic acid QT interest, in addition, 

40 the pnmer must possess sequence corresponding to the flanking sequence at a specific position oT interest aqjacent 
to, and upstream of, the nucleotide base to be identified 

[0026] in addition, the pnmer must be capable of hybridizing or annealing with nucleotides present in the nucleic 
acid ot interest. One way to accomplish the desired hybridization is to have the template-dependent pnmer be sub- 
stantially complementary or fully complementary to the known base sequence 

« 5 [0027] The oligonucleotide primer can compnse one or more moieties that link the primer to a solid support for affinity 
separation of the pnmer from the unincorporated reagent and/or the nucleic acid of interest Sucn affinity moeties 
include, but are not limited to, digitonin, magnetic beads, and dgands, such as protein ligands. including antibodies 
Preferably, the moiety is biotm. in the case of using bionn, the primer comprising biotm permits affinity separation of 
the primer from the unincorporated reagent anoyor nucleic acid of interest via omomg ot the biotm to streptavidm which 

$o is artacned to a solid support. The sequence of ihe oligonucleotide primer can comprise a DNA sequence that permits 
affinity separation of the pnmer trom the unincorporated reagent and/or the nucleic acid ot interest via base pairing to 
a complementary sequence present in a nucleic acid attached to a solid support 

[0028] As used horem, tne term "pnmer extension reaction" refers to the reaction conditions in wnich the template- 
dependent nucleic acid synthesis reaction is earned out The conditions tor the occurence of the template-dependent, 
& pnmer extension reaction can be created, in part, by the presence of a suitable template -dependent enZyme. Some 
of the suitable template-dependent enzymes are DNA polymerases The DNA polymerase can be of several types 
The DNA polymerase must; however, be pnmer and template dependent. For example, £ cait DNA polymerase I or 
the "Wenow fragment" thereof, T4 DNA polymerase, T7 DNA polymerase fSequenase"), J aquaticus DNA polymer- 
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ase, or a retroviral reverse transcriptase can be used- RNA polymerases such as T3 or"J7 RNA polymerase could also 
be used m some protocols. Depending upon tne polymerase, different condmons must be used, and different temper- 
aiure ranges may be required forme hybridization and extension reactions, 

[0029] As used herein, the term "primer extension strand" includes the strand mat is formed opposite the template 
5 in a duple* afterthe pnmer has teen added. Preferably, the extension ot trie primer is terminated by rhe incorporation 
ot in© terminator to me primer extension strand 

[0030] as used herein, the term "template- is defined as a nucleic acid, including double strand DNa, single strand 
DNA and RNA. or any modiTicaiion thereof, and can be any length or sequence 

[0031] as used herein, the term "terminator or "chain terminator »s meant to refer to a nucleic acid base, such as 
to a. G, C 4 T or U, or an analogue that effectively terminates the pnmer extension reaction when it is incorporated into 
the pnmer extension strana opposite the template strand Preferably, the terminator is a dideoxynucleotide. Also pref- 
erably, the terminator is either unlabeled or is lapeied so tnat it te distinguished rrom tne laoei on tne non-terminator. 
Also as used herein, when the term terminator or "chain terminator are referred to m the singular, a does not mean 
that a single nucleotide molecule is used. Rather, the singular form of the term "terminator refers to the type oT nucle- 
75 otide, nucleic acid base or nucleic acid analogue that is used m the assay. For example, it the terminator is ddA, then 
all of the ddA's m the aggregate are referred to m the singular form, and not just a single molecule of ddA Alternatively, 
the -terminator may be the absence of the specific type of nucleotide so that primer extension is stopped by the lacK 
of the specific nucleotide at the locus. Fore*ample, if il is desired that the pnmer extension reaction be stopped opposite 
a -C" on the template strand, rne non-termmating bases A. T and G should be included m the primer extension reaction 
so mixture, but not "G", which is the complement of "C" Thus, the absence of the complementary base will cause termi- 
nation of tne pnmer extension reaction with a similar result as adding a aideoxy terminator nucleotide, Tor example 
[0032] as used herein, the term "non-terminator or "non-chain terminator includes a nucleotide base that does not 
terminate the extension reaction when it is incorporated into the pnmer extension strand. Preferably, at least one non- 
terminator in the pnmer extension reaction *s labeiea. Also as used herein, Wnen the term "non-termmaior or "non- 
25 chain terminator are referred to m the singular, fl does not mean that a single nucleotide molecule is used Rather, 
the singular form of the term "non-terminator refers to the type of nucicotido, nucleic acid base or nucleic acid analogue 
that is used in the assay. For example, it the terminator e G, then ail of the G's in the aggregate are referred to m the 
singular form, and not just a single molecule of G. 

[0033] As used herein, the term "mutant" or "mutation" indicates any base on the template strand mat is different 
so Trom the wild-type or normal base. The mutation that can be detected using tne method of the instant invention can 
be any type of mutation at all. including, single base mutation, insertion, deletion, or gene translocation, so long as the 
base on the template directly opposite to tne base immediately 3' to the annealed pnmer is affected. 
[0034] As used herem. the term "label" refers to any molecule tnat is linked to the terminator or non-iermmator nu- 
cleotide to provide a detectable signal. The label may be radioactive, cheroilummescent. protein hgand sucn as an 
34 antibody, or it a fluorescent group is used, a different fluorescent group may be used for eacn type ot non-Termmating 
nucleotide base These fluorescent tags would have the property of having spectroscopcaily distinguishable emission 
spectra. 

[0035] Alternatively, the method of determining tne level of incorporation of a nucleotide base m the pnmer extension 
product can be measured by mass spectrometry techniques as exemplified m u S Patent No 5,885,775, which is 

*o incorporated herein by reference in its entirety. 

[0036] As used herem. the phrase "high stnngency hybridization conditions" refers to nuclei hybridization conditions, 
such as but not limned to a wash condition or O.iXSSC. at*2 w C. Hybridization conditions generally can be found in 
general Molecular Biology protocol boojes, such as Ausubel et al., Current Protocols in Molecular Biology Greene and 
Wiley, pub 0994), "Rich is incorporated herein by reference in its entirety. 

«5 [0037] as used herein. Thin layer chromatography {TLC}" can be earned out in paper medium based on cellulose 
products, but can be made of any substance that allows for molecules to be finely divided and formed into a uniform 
layer This substance includes, but is not limitea to, inorganic substances such as silica gel. aluminum o*iae. oiatom- 
aceous earth or magnesium silicate. Organic substances include, but are not limited to. cellulose, poly amide, or poly- 
ethylene powder* Thin layer chromatography metnods are described generally in Chemical protocol dooks, such as 

so generally set forth in Freifelder. Pftysiczl Qioctiemisjfy - Applications to Biochemistry ana Molecular Biology, seconGeO . 
puoiisned by Freeman and Co. (l 982). which is incorporated herem by reference m its entirety, especially Chapter 8. 
which discusses enromatograpmc techniques, and m particular mm layer chromatography at pages 229-232. 
[0038] A modification of the method for mdentifymg and/or quantifying a nueieic acta of Interest is to separate me 
primer extended strand from tne nucleic acid of interest after the extension reaction oy using appropriate denatunng 
conditions The denatunng conditions can comprise neat. aiKaii, formamide, urea, glyoxal, enzymes, and comomations 
thereof. The denaturing conditions can also compnse treatment with 2 ON NaOH 

[0039] it can be appreciated by a person of sKill m the an that iho terminator can be labeled with a different label 
rrom ihe non-iermmator. which can then be used to differentiate between incorporation of terminator or non-terminator 
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in me primer extension strand The terminator exemplified as being tne absence of The particular type oT nucieotloe In 
ihe present application only tor purposes of simplicity ot illustration, put This illustration shogid noi be construed to limit 
the claims in any way Differentially labeled or unlabeled terminator Is also encompassed by the invention, so Jong as 
the laoai on the terminator is different from The lane] on the non-terminator 

[0040] it can aiso oe appreciated by a person of stall in tne art that so long as the sequence of the template is at 
least partially Known, a primer can be designed tnat binds to tne template strana such thai tne binding of the primer 
on tne template strana can occur li can also be appreciated by a person of skill in tne an that tne method of The 
invention can be practiced by using several primers in one or more assay lube 

[0041] A feature of the method of tne invention is that strong signal can be generated rf the non-term in ators are 
uniformly labeled because oT the additive signal effect achieved oy tne tncorporation at several labeled non -terminators 
incorporated in me primer extension strand Accuracy is enhanced when signals are observed from using different 
labels specific to various terminators or non-terminators. 

[0042] it is also an object ot this invention to provide a Kit and reagents for rapidly and accurately determining the 
presence or absence of a Target nucleic acid in a sample quantitatively oi non-quantitauvely as desired. Each compo- 
nent oT tne Kit(s) may be inaiviauaiiy packaged in its own suitable container. Tne individual containers may also be 
labelled m a manner vrhich identifies the contents. Moreover, the individually packaged components may be placed in 
a larger container capable of holding all desired components. Associated with the kit may be instructions wnlcn explain 
how to use the hit. These instructions may be written on or attached to the Kit. 

[0043] The following examples are offered by way of illustration of the present invention, and not by way of limitation. 



[0044] Total RNA was extracted Trom rat Oram by RNAiol B (Te|s-te|, TX) method The concentration of total RNA 
was measured by O 0 260 nm absorbance Total RNA was diluted by RNase-free diethylpyrocarbonate (DEPC) treated 
water. 5 uJ of diluted RNA solution with different amounts as indicated in Table 2 was aliquated into eacn tube and then 
mixed with 1 u.l synthetic oligonucleotide primer 5'-GTGGGaaCCGTGTCa-3' (SEQ IP NO:i), which is a sequence 
maicned to a rat Dram specific cONA (unpublished data). The RNA-pnmer mixture was heated at lor C for 3 minutes 
and incubated on ice for 3 minutes. After quick spinning The tube, the pnmer extension reaction was starred by adding 
1 4 h-I reaction mu containing Tns^iCi buffer (prl 7 5) aT final concentration ot 20 mM, 1 5 units RNase inhibitor. 0.5 mM 
dATP. dGTP, 1 p\ dCTPoc 32 ? and 10o units MMVL-reverse transcriptase. The reaction was performed at 37° C for 20 
minutes and stopped by healing the reaction tube at 1 00" C for 2 minutes A 1 uJ reaction mixture was applied to a 
thin layer chromatography (TRIM USA. Maryland) to separate out free dCTPa^P. The radioactivity of the labeled 
primer was then subjected to counting by scintillation counter (Beckman IS 5000) The results are shown in Table 2. 
[0045] All of the above steps involve chemistries, manipulations, and protocols that have been, or are amenable to 
being, automated Therepy, incorporation of the preferred mode ot practice or trie invention into the operation ot a 
suitably programmed robotic workstation should result m significant cost savings and increases in productivity for vir- 
tually any diagnostic procedure that depends on the detection of specific nucleotide sequences or sequence differences 
in nucleic acids denved from biological samples 

[0046] ah of the references cited herein are incorporated by reference in their entirety 
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TABLE 2 



dma amount tna\ 


Labeled Dnmer (com) 


20 


31552 


10 


29756 


5 


26066 


2 


16779 


1 


11156 


05 


6537 


0 


6703 
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SEQUENCE LISTING 

5 OlO> VaNC, Xiao B. 

MORISAtfA. Shinkatsu 

w <J20> Isometric Primer Extension Method and Kit for Detection 

and Quantification of Specific Nucleic Acid 

<130> 900315 

75 

<H0> 

20 

<150> US 60/209,987 
<151> 2000-06-08 

25 

<U5Q> US 

CiSl> 2001-05-23 

30 

<160> 9 

<I70> Patentln Ver. 2. 1 

35 

<210> 1 
<2U> 15 
"*° <212> PNA 

<213> Artificial Sequence 

45 <220> 

<223> Description of Artificial Sequence:synthetic 
oligonucleotide 

50 

<400? 1 

gtgggaaccg tgtca 
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<210> 2 
<2ll> 70 
C212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence synthetic 
oligonucleotide 

<400> 2 

tgatcagcag gctgaaatcg tcgtggattg caacgacgcc gacgattctc gtcetttaag 60 
gcgatagcat ?0 



<210> 3 
s * <2ll> 16 

<212> DNA 

<2l3> Artificial Sequence 

30 

C220> 

C223> Description of Artificial Sequence: synthetic 
oligonucleotide 



40 



<400> 3 

tcgtcggcgt cgctgc ^ 



C2i0> 4 
<21l> 12 
<212> DNA 

<213> Artificial Sequence 
C.220? 

<223> Description of Artificial Sequence :syntheiic 
oligonucleotide 
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<40Q> 4 

aaaggacgag aa 12 



C210? 5 
C2ll> 70 
C212> Rv'A 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence '.synthetic 
oligonucleotide 

<*00> S 

ugaucageag gcugaaaucg ucguggauug caacgacgcc gaegauueue guccuuuaag 60 
gcgauagcau ?0 



<210> 6 
<211> 8 
<212) QUA 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Synthetic 
oligonucleotide 

<400> 6 
gectgetg 



C210> 7 
<2U> 9 
C212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Soquence'-synthetic 
s oligonucleotide 

C400> 7 
7P ccacgscga 



75 



so 



<210> 8 
C211> 8 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence Synthetic 
25 oligonucleotide 

<4QQ> 8 

so ttaaagga 



^ <210> 9 

<2U> 5 
<212> DNa 

<213> Artificial Sequence 
<220> 

<223? Description of Artificial Sequence: synthetic 
** oligonucleotide 

<400> 9 

so gattt 5 



Claims 

55 

1 . A meinoa tor qeiecimg or quantifying a target nucleic acid in a sample comprising- 

(a) preparing a pnmer or primers specifically matched lo a predetermined position oT tne targei nucleic acid; 
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(b) annealing the primer or primers from (a) with the target nucleic aria under nigh stringency con anions to 
obiain a prime r-nuc|eic acid duple* at trie predetermined position or me target nucleic acid; 

(c) mixing The primer-nucleic acta duplex from (b) with a mixture comprising: 

5 (i) one or two or Three types of free non-terminator nucleotides and at least one type of non-terminator 

nucleotide mar is option airy labeled with a detectable marker, and 

(2) with or without a type of terminator nucleotide mat is different from the one or two or three types of 
non-term in aior nucleotides in (1 ). 



to (d) performing The primer extension by enzymatic or chemical reaction m an appropnate butfer; and 

(e) delecting or quantifying the amount or labeling signal on the pnmer extended nucleotides, or 

(f) detecting or quantifying The amount of extended pnmers by mass spectrometry. 



2. The method according to claim V wherein the pnmer o a nucleic acid pnmer, an oiigodeoxynbonucieotide, an 
is ohgoribonueieotide, or a copolymer ot deoxynbonucieic acid and ribonucleic acid 

3. The method according to claim 1 , wherein the nucleic acid of interest is a deoxyribonucleic acid, a ribonucleic acid, 
- or a copolymer oi deoxyribonucleic acid and ribonucleic acid. 

so 4. The method according to claim 1 . wherein the non-ierminator nucleotide is deoxynbonucieotide or nbonucleotide. 

5. The method according to claim 1 . wherein the terminator is dideoxynbonucieoude 

S. The method according to claim 1 , wherein a combination of non-terminator and terminator nucleotide m»i is, 

25 

(a) dATP, dCTP. dGTP. ddTTP orddUTP. 

(b) OTP, dCTP. cTTTP or dUTP. ddGTP, 

(c) dATP, dGTP, dTTP or duTP. ddCTP, 

(d) dCTP. dGTP. dTTP, or dUTP. ddATP, 
so (e) dATP, dCTP dGTP. 

If) dATP. dCTP. aTTP or dUTP, 
tg) dATP, dGTP. dTTP or dUTP. or 
(h) dCTP, dGTP. dTTP or dUTP 

3£ 7. The method according to claim 1. wherein at least one non-terminator nucleotide is labeled with a detectable 
marxer. 



8. The method according (o claim 1 , wherein the terminator nucleotide is labeled with or without a detectable ma/Ker 
that is different from the marker labeled with non-terminator nucleotides. 

40 

9. Tne rneinod according to claim 7 or 8. ^herein said detectable marker comprises an enzyme or protein moiety, 
radioactive isotope, a fluorescent moiety or a chemical group. 

10. The method according to claim 1 . wherein said non-terminator and terminator nucleotides are unlabeled and de- 
J 5 tecung or quantifying step ls earned out by analyzing amount of extended pnmers using mass spectrometry. 

11. The method according to claim 1 , wherein said enzyme is template-dependent. 

12. The method according to claim 1 1 , wherein the template-dependent enzyme is PNA polymerase, RfMA polymerase 
so or reverse transcriptase. 

13. The method according to claim 12, wherein the template-dependent enzyme is £ coil DN A polymerase |, a Klenow 
fragment thereof, T4 DNa polymerase. T7 Dna polymerase, Thermophilic DNA polymerase, retroviral reverse 
transcriptase, or a combination thereof. 

55 

14. The method according to ciaim 1 . wherein the target nucleic acid is synthesized enzymattcairy in vivo, tn vttfe, or 
synthesized non-enzymaiicaiiy 
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15. Tr\e method according io claim 1 . wherein me target nucleic acid is syronesizeo oy polymerase cnaln reaciion. 

16. The method according to claim 1 , wherein me target nucleic acid compnscs non-natural nucleotide analogs. 

17. The method according to claim 1 6. wherein me non-naturai nucleotide analogs comprise oeoxymosme or 7-deaza- 
2'-deoxyguanosine. 

18. The method according to claim l , wherein the target nucleic acid comprises genome DNAfrom an organism, RNA 
transcripts thereof, orcDNA prepared from RNA transcripts thereof, 

10 

19. The method acoordmg to claim 1 8, wherein the organism is a plant, microorganism, bacteria, virus. 

20. The method according to claim 1 8, wherem the organism is a vertebrate or invertebrate. 

21. The method according to claim 1 8. wherem the organism is a mammal 

22. The method according to claim 21 . wherein the organism is a human being. 

23. The method according to claim 1 . wherein an amplification step is performed on the target nucleic acid 

so 

24. The method according to claim 23, wherein the amplification step comprises cloning, iranscnption. polymerase 
chain reaction IPCR), hgase chain reaction (LCR), strand displacement amplification (SDA), or loop mediated 
isothermal amplification [LAMP). 

25. The method according to claim i , wherein the primer comprises one or more moieties tnat permit affinity separation 
of the primer from the unincorporated reagent and/or the nucleic acid of interest. 

26. The method according to claim 1 . wherem the primer compnsee one or more moieties that allows immobilization 
of primer onto a solid Support to produce an immobilized primer sequence 

30 

27- The method according to claim 25 or 26, wherein the moieties comprises a special chemical groups such as biotm 
or oigitomn. 

28. The method according to claim 25 or 26, wherein me moieties comprises a PNA or RNA sequence that allows me 
35 primer to link to a solid support via case pairing to a complementary sequence present in solia support. 

29. Tne method according to claim 1 . wherein the primer is directly synthesized on a solid support to produce an 
immoDilized primer sequence. 

*o 30. The method according to claim 29, wherein the synthesis is accomplished by enzymatic or chemical or physical 
method 

31. The method according to claim 1 . the primer is immobilized onto a solid support to proouce an immobilized target 
nucleic acid sequence. 

45 

32. Tne metnoa according to claim 1 , wherem the pnmer is reversibly immobilized on to a solid support. 

33. The method according to claim 32, wherein the primer can be cleaved from the solid support by a cnemical, en- 
zymatic or physical process 

so 

34. The method according to claim 1 , wnerem the target nucleic acid is immobilized onto a solid support to produce 
an immobilized target nucleic acid sequence. 

35. The method according to claim 1 , wherein the target nucleic acid is reversibly immobilized onto a solid support 

55 

36. The method according to claim 34, wherein tne target nucleic acid can be cleaved from the solid support by a 
chemical, enzymatic or physical process. 
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37. The metnoa according w claim 31, 32, 34 or 3S„ wherein immobilization is accompiisneq *»a a photocieavapie 
bona 

38. The memod according To claim 26. 28, 29, 31 , 32. 34 or 35, wherein the $ohd support comprises beads, flat surfaces, 
chips, capillaries, pins, combs or wafers 

39. Tne method according to claim 31, 32, 34 or 35, wherein said immobilisation is accomplished by hybndizstion 
between a complementary capture nucleic aaa molecule, which has been previously immobilized to a solid support, 
and a portion of (he nucleic acid molecule, wnich is distinct from tne target nucleic acid sequence. 

40. The method according to claim 31, 32. 34 or 35, wherein said immobilization is accomplished via direct bonding 
between tne sond support and a portion of the nucleic acid molecule, which is distinct from the target nucleic acid 
sequence 
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Fig. 1 
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Fig. 2 
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